INTRODUCTION
This article presents a procedure for estimating average marginal productivity of inputs from a group Unfortunately, procedures are not available for or subgroup of farm operations without estimating or handling variations induced by unquantifiable differspecifying production surface. The relationship beence in location, soil, weather or management, tween average cost per unit of output and the amount particularly if the data source is farm survey informaof or cost of individual inputs applied in the tion from relatively small samples for a single production process is estimated. The procedure does production season. Estimation problems occur regardnot require any assumptions concerning elasticities of less of whether classical, profit or trans-log approduction functions. It can be used in some situaproaches are used. Procedures suggested by Hoch and tions where either incorrect production surface speciHoch and Mundlak for handling these disturbances in fications or extreme variability of data prevent classical production functions require a priori knowlestimation of the usual production function. edge to devise a weighting system or observations over time to provide estimates of weights.
Profit functions as proposed by Lau and PROCEDURE DEVELOPMENT Yotopoulos require data to be of such nature that a Given a production function: production function can be specified either in the normal form or that the relationship between profit Y= f(Xii, ,Xi) (1) and input quantities can be specified and estimated. The price of the product is also required to be either where a function of quality or of selling costs or that some common or average price is utilized. Yi = production of Y from the ith unit (may Spann's procedure (using reformulation of logaconsist of a farm unit or farm subunit) and rithmic derivation of the trans-log production funci=1 to r tion to estimate payments to a factor of production Xij = input j used in the production of Yi and as a fraction of total revenue) requires the same j=1 to s product price data as profit function estimation, as well as requiring the underlying production surface to and total cost of Yi is be approximated by a trans-log production function. Trans-log cost functions as used by Binswanger can estimate elasticities of input demand when the TCi= PijXij (2) production surface approaches that of a trans-log, and when weighting or estimating techniques for management, weather, location and soil differentials, and where Pij=price or cost per unit of Xij. between yield and the respective cost per land unit of of land-a(Yi/Xis) / a(Xi/Xis)--are desirable meainputs. In these situations, if yield is placed in sures of productivity. Unfortunately, in some classes, equation (9), high multicollinearity between the yield input must be aggregated over several physical forms variable and input variables would exist. If variations because limited observations do not allow speciin cost per unit of output are explained entirely (or fication of every physical form used by farm to a large extent) by those in cost per unit of land or operators, e.g., lime, fertilizer and gypsum. Addithe respective inputs, estimation of a production functionally, for other input classes such as pesticides, tion should be possible and would be a more efficient there is no unique chemical compound or even procedure for estimation of input productivity.
3 Differences paid for the same quality of input are management variations, as are differences in responses from the same combination of inputs.
If 4 The inclulevels was .39 bushel corn. multicollinearity will exist only if one or more input Attempts using linear, quadratic and logarithmic classes are highly correlated with another and would equations to estimate an overall and yield group provide meaningless variable denotation by their production functions from these data were unsuccessseparation. For example, if the cost of herbicide is a ful. The following cost variables were used in the specified ratio of the cost of fertilizer, it would be analyses:
more meaningful if these two inputs were combined. Z1 = cost per acre of lime, gypsum, and fertilizer Z2 = cost per acre of seed EXAMPLES Z3 = cost per acre of seedbed preparation, planting and weed control Nitrogen Response Z4 = cost per acre of insect control The average marginal productivity of nitrogen in Zs = cost per acre of irrigation a corn fertility response study was estimated using Z6 = cost per acre of harvesting and drying. (1) an estimated cost per unit of output relationship, and (2) an estimated production function. Corn
In addition to the cost variables, two other production response data were collected from revariable were included:
search plots over several years; therefore, the production function included year variables along with first Z7 = 1/yield per acre and second degree nitrogen variables and a moisture-Z8 = 1/acres of peanuts.
nitrogen interaction variable. The production function provided a good fit with experimental data, the Variable Z 7 was included as a proxy for weather, first and second degree nitrogen, moisture-nitrogen soil and management and thereby to measure their interaction and several of the year variables being influence on variations in TCi2/Y i unassociated with variations in the production input variates. To test
Variance inflation factors were computed for the desirability of including the yield variable, the model estimated relationships with and without the yield was also estimated with Z 7 excluded. The variable, variable. All values were less than 4.00, which is the Z 8 , was included to test for economies of size. most conservative guideline suggested by Snee. (VariObservations were divided into yield level ance inflation factor of 4.00 means that 75 percent of subgroups-high, medium and low, on the basis of the variation of the variable is explained by variation historical average yields. A separate equation was of the other "independent" variables.) estimated for each subgroup and for the overall Interdependence among explanatory variables is group.
large enough that biased coefficients would result if either one or more cost variables or the yield variables~~I nput Coefficients ^were deleted from the estimation equation. The net The inclusion of Z 7 (1/yield per acre) made a effect of soil, weather and management variations are large difference in the coefficients and their standard significant in all three yield subgroups. errors (Table 1) . Even in the low yield subgroups
The added explained variation from the use of were 1/yield per acre explain 95 percent of the three yield group equations as compared to use of variation, the addition of cost variables reduced the one overall equation was significant at the one unexplained variation in cost per unit of output percent level. The most consistent relationship over significantly and all coefficients were significant at all equations was the insignificance of the acreage or the .005 level. 6 size variable. CInput classes for the coefficients are: bl-lime, gypsum and fertilizer; b2-seed; b3-seedbed preparation, planting and weed control; b4-insect control; bs-irrigation; b6-harvesting and drying; b7-one/yield; b8-one/yield. A comparison was made by generating a series of random numbers for cost, yield and acreages and fitting the equation to the random numbers. The yield variable explained 95 percent of the variation in the cost per unit of output, but there was no relationship between the input cost variables and the cost of output.
Marginal Productivities
The similar marginal physical productivities supThe marginal physical products of a dollar unit port the hypothesis that the low yield subgroup farm of the input classes were computed using equation 15 operators are not facing the same production function or surface as the high or medium yield subwith average values or levels of yield and input costs o or as the high or meium iel su per acre for the respective yield subgroups (Table 2) . groups. They also suggest that capital rationing and/or unavailability of inputs were not dominant The negative marginal physical productivities in or unavailability of inputs were not dominant Table 2 are not inconsistent with practices used during f bgr the year survey data were obtained. Some producers in the high yield subgroup applied relatively large quantities of fertilizer without realizing higher yields than Estimating productivity through the estimation others in the subgroup who used lower fertilizer rates of average cost functions is a feasible alternative in (fertilizer was relatively cheap and price of peanuts some situations where production functions cannot relatively high). The response to gypsum application be estimated from the data. In these instances, the was not definable, the same range of yields occurring average cost procedure will provide estimates because with and without gypsum application. The year in point estimates do not require the production funcquestion had a very favorable rainfall distribution, tion or surface to be specified and because of the ease thus peanut growers with irrigation equipment had of adapting a proxy variable such as yield for high fixed costs of irrigation without a yield response.
hard-to-measure influences of soil, environment and The negative value for seed in the low yield subgroup management. This proxy variable becomes exceedsuggests managerial ability does not justify the same ingly important in those situations where variations expenditure for seed that would be profitable in of the unmeasured variable strongly overshadow medium and high yield subgroups.
influences of measured variables. 
TABLE 2. MARGINAL PHYSICAL PRODUCTIVITIES PER DOLLAR OF INPUT FOR CLASSES OF INPUTS BY PEANUTS YIELD SUBGROUPSa

